INTRODUCTION
According to Kane's criteria (1988), treatment-resistant schizophrenia is defined as clinical resistance (PANSS decrease of less than 20%) after the administration of three antipsychotic drugs from at least two different chemical classes at optimum doses and over sufficiently long periods.
Clozapine is currently the gold standard treatment for refractory schizophrenia [1, 2] . Nevertheless, its prescription sometimes has to be stopped due to either lack of efficacy or intolerance (agranulocytosis). If clozapine fails, there are few treatment options left, although treatment-resistant delusions appear to be alleviated by electroconvulsive therapy, and refractory auditory hallucinations by transcranial magnetic stimulation of the temporoparietal junction [2] . Over the past few years, several studies and case reports have identified high-dose olanzapine (>20 mg/day) as a pharmacological alternative to clozapine. We report two cases illustrating the usefulness of very high doses (≥60 mg/day) of olanzapine in the management of treatment-resistant schizophrenia.
CASE STUDY 1
Mr. A, currently aged 29 years, was diagnosed with schizophrenic disorder in 2003. There was no family history of schizophrenia. Most of his hospitalizations were due to severe positive symptoms. A set of crystallized delusions with religious or esoteric themes interfered with the patient's ability to lead a normal everyday life. Auditory and cenesthesic hallucinations were frequent. Between 2004 and 2006, there were many hospitalizations owing to behavioral problems associated with delusions. Many antipsychotics were tried at adequate doses over sufficiently long periods, including pipotiazine, risperidone (depot form), olanzapine (20 mg), haloperidol (depot form), aripiprazole, amisulpride and zuclopenthixol (depot form). All these medications had to be stopped, either because of their lack of efficacy in treating refractory hallucinations or because of intolerance (extrapyramidal syndrome). Electroconvulsive therapy was prescribed with good results, but the effect could not be maintained over time. In 2008, clozapine was prescribed. Reduced delusions, better conceptual organization and improved social relations were observed. Unfortunately, 11 months later, the patient had a bout of fever with agranulocytosis, which meant that the clozapine had to be stopped. He was hospitalized due to a fresh upsurge of delusions and hallucinations.
In this context, it was decided to gradually introduce high-dose olanzapine. Clinical (monthly weight and waist measurements), biological (monthly blood lipid and glucose tests, weekly blood counts) and electrocardiogram (weekly) monitoring was performed. No clinical effects were observed up to 60 mg/day (administered three times per day). From 80 mg/day, however, positive symptoms such as delusions, hallucinations and behavioral problems decreased. Although the dose was increased to 100 mg/day, we failed to observe any significant improvements in negative symptoms, such as impaired social relations or emotional withdrawal. Clinical tolerance was good, and no side effects (e.g., extrapyramidal syndrome, weight gain) were reported. Biologically, a slight neutropenia (1300 -1700/mm 3 ) was recorded over a 6-week period, but it was well tolerated. After three months of treatment at 100 mg/day, the blood lipid level was slightly increased for cholesterol (6.3 mmol/l), but was still normal for triglycerides (0.52 mmol/l). No normalization was observed during the patient's hopitalization. Blood sugar level have been checked and was normal, no glycosylated hemoglobin have been assessed. Olanzapine blood level was 197.2 ng/ml. Mr. A's improved clinical condition has remained stable since 2009. He completed a psychosocial rehab program and has not been hospitalized for two years.
CASE STUDY 2
Mr. B, currently aged 21 years, experienced early-onset schizophrenia. His first schizophrenic symptoms appeared at around the age of 14 years. He developed persecutive, intuitive and interpretative delusions. The functional impact on his work and social relations was massive and forced him to quit secondary school. No auditory hallucinations were ever described. The main symptoms were psychic, affective and behavioral disorganization, probably masking the previously reported delusions. He was treated with risperidone, first in its oral form, then in its depot one (50 mg/2 weeks). He received this treatment for two years, but then returned to hospital due to an acute episode. During a 7-month hospitalization, zuclopenthixol, aripiprazole, and haloperidol were successsively tried at adequate doses and over sufficiently long periods without any significant clinical improvement. In this case of resistant early-onset schizophrenia, we decided to try an alternative to clozapine for this young man. Treatment with high-dose olanzapine was thus begun. No effect on the positive and disorganization symptoms was observed until the dose reached 70 mg/day. After three weeks at 80 mg/day, an improvement in the persecutory ideas and a reduction in hostility were observed. After six weeks, remission was diagnosed, despite two residual symptoms (i.e., apragmatism and apathy). Following his 7-month hospitalization, Mr. B joined a psychosocial rehab program. After six months of treatment at 80 mg/day, the patient had gained 10 kg, but his weight remained stable thereafter. Biological tolerance remained good (cholesterol = 4.82 mmol/l, triglycerides = 1.59 mmol/l, glycosylated hemoglobin = 5.7% -5.9%). Olanzapine blood level was 106 ng/ml.
DISCUSSION
As far as we know, these are the first two reports of olanzapine administration at doses higher than 60 mg/day. Olanzapine is an atypical antipsychotic, with a pharmacological structure close to that of clozapine. Olanzapine shares several aspects of clozapine's in vivo pharmacological profile, including a high affinity for 5-HT2, muscarinic and histamine receptors [3] . Its 5-HT2A antagonism is associated with fewer extrapyramidal symptoms and less tardive dyskinesia than other antipsychotics, thus allowing high doses to be administered [4] .
To our knowledge, there have been no controlled studies of such high doses of olanzapine in treatment-resistant schizophrenia, and only a handful of case reports have been published on doses of olanzapine between 20 and 60 mg. Sheitman et al. reported a lack of efficacy for positive symptoms, but with doses below 60 mg/day [5] . Other reports have indicated an improvement in social functioning and cognition, and decreased auditory hallucinations at 40 and 50 mg/day [6, 7] . All reports have emphasized its good tolerance. There are conflicting data concerning the relative efficacy of high-dose olanzapine compared with clozapine in treatment-resistant schizophrenia. Some randomized, double-blind studies have demonstrated the superiority of clozapine in refractory, early-onset schizophrenia [8], whereas others have found no difference at all between the two [1, 9] . Prospective studies have shown that olanzapine at doses of 15 -60 mg/day is a good alternative to clozapine for treatmentresistant patients [10] [11] [12] [13] . The clinching argument for switching from clozapine to olanzapine is the latter's tolerability.
The present case report also highlights the question of the link between clinical response and olanzapine blood level. Why did these two treatment-resistant patients display a clinical improvement at very high doses despite resistance at low doses of olanzapine? There are divergent data about the relationship between clinical response and olanzapine plasma concentration. Perry et al. suggested that a minimum concentration of 23 ng/ml was needed to be effective, but did not draw any link with improvements in BPRS scores [14] . Mauri et al. described a curvilinear relationship with clinical efficacy between 20 and 50 ng/ml of olanzapine serum concentration [15] . Lane et al., however, failed to establish any correlation between olanzapine blood level and improvements in schizophrenic symptoms, although they did find one for depressive symptoms, with a plasma concentration of 36 ng/ml being a good predictor of response [16] . We can hypothesize that olanzapine's serotonin antagonism plays a key role in the antidepressant effect.
Finally, at doses of 5 -40 mg/d, striatal dopamine D2 receptor occupancy ranges from 50% to 90% [3, 17, 18] . At these doses, the relationship between dopamine D2 occupancy and both dose and plasma level seems to be represented by a hyperbolic saturation curve [3] . In conclusion, very-high-dose olanzapine seems to be a good alternative in treatment-resistant schizophrenia. Its use at such high doses needs to be closely monitored, due to poor data on its clinical and biological tolerance. Most studies suggest that the dose range is correlated with improvements in organization (lower doses) and positive symptoms (higher doses). Nevertheless, more data are needed to confirm its relative efficacy at higher doses for different symptom dimensions, compared with clozapine, in treatment-resistant schizophrenia. This could be achieved by conducting randomized double-blind trials with larger samples of participants. Furthermore, clinical data need to be correlated with imaging data in order to investigate a potential correlation between clinical improvement and the D2/D3 occupancy profile at such very high doses.
